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Summary &mdash; A peak of specific peroxidase activity (increase in enzyme activity followed by decrease) has generally been found in crude extracts of stem-or shoot-cuttings prior to root formation. Effectors, some of them of a phenolic nature, play a role in these changes in peroxidase activity. This may explain discrepancies in some investigations dealing with partially purified extracts or cell fractions. The peroxidase peak does not terminate the rooting inductive period as proposed some years ago, but rather the initiative phase before identification and growth of endogenous root primordia. Depending upon the materials studied, characteristics of the peroxidase peak such as precocity of appearance, height, and velocity of decrease have been correlated with ulterior rooting performance. Physical and/or chemical factors which were able to modulate the peak also had effects on subsequent rooting rate. An early test using peroxidase activity of extracts made from shoots before transferring to rooting media determined the phenol compounds capable of enhancing the rooting process and the moment of application in relation to the peroxidase peak. (Gurumurti et al, 1984; Haissig, 1986; Jackson, 1986; Davis et al, 1988; Gaspar and Hofinger, 1988 (Pilet and Gaspar, 1968) ; many researchers therefore investigated the changes in IAA-oxidase activity in relation to rooting (Mato and Vieitez, 1986 ; see ref in Bhattacharya, 1988; Moncousin, 1991) . The activity of the so-called IAA-oxidase system was later attributed to one or several peroxidases . Because (Quoirin et al, 1974) and Asparagus (Van Hoof and species, and in epidermal layers of tobacco (Gaspar et al, 1977; Thorpe et al, 1978) led to the production of a general curve (Gaspar, 1981) . It appeared that root formation occurred after the cutting had reached and passed a peak of maximum enzyme activity. The activity and/or number of acidic isoperoxidases increased continuously during the course of the process which means that the peak of peroxidase activity was due to an inverse variation in the activity of the basic isoenzymes before and after the peak (fig 1) . Such changes in peroxidase activity in the course of root formation, most of them involving a passage through a peak, were measured in many other materials (Chandra et al, 1971 ; Molnar and Lacroix, 1972; Cornu, 1986, 1989; Gebhardt, 1986; Berthon et al, 1987; Mato et al, 1988; Gonzalez et al, 1991 ; Kevers and Gaspar, 1992) . They apparently corresponded to parallel changes in IAAoxidase activity (Mato and Vieitez, 1986; refs in Bhattacharya, 1988; Ben-Efraim et al, 1990) . In some cases, peroxidase activity of the shootcuttings dropped immediately after transfer from a multiplication to an auxin-based rooting medium. This was followed by the rapid emergence of root primordia (Quoirin et al, 1974; Van Hoof and Gaspar, 1976) . It was later shown that the elevation and peaking of peroxidase activity preceding rooting might already take place at the end of the foregoing multiplication/elongation cycle (Druart et al, 1982; Hausman et al, 1990) .
There was an apparent coincidence between the peroxidase peak and the first visible signs of differentiation (Gaspar et al, 1977) which led to the hypothesis that the period of peroxidase elevation up to the peak corresponded to an inductive or preparatory phase of rooting occurring before any visible morphological or histological event (Gaspar, 1981) . The recognition of such an inductive phase for rooting was relatively new and rarely discussed before that time, although such an induction concept had long been acquired for the flowering process.
That the peroxidase peak was associated with the first cell divisions, ie that the peroxidase peak terminated the inductive period of rooting, was questioned by Jarvis (1986) . This author placed the end of the rooting-induction phase (corresponding to the biochemical changes preceding cytological and histological events) before the peroxidase peak. As described hereafter, our further studies confirmed this view (Moncousin et al, 1988; Gaspar et al, 1990) .
Although the increase in peroxidase activity preceding rooting has generally been noticed, some research workers were unable to demonstrate the peak and subsequent decrease in enzyme activity (Gebhardt, 1985; Pythoud and Buchala, 1986; Patience and Alderson, 1987; de Klerk et al, 1990) . The explanation of these discrepancies may stem from the fact that in these studies, peroxidase activity was measured in purified extracts and/or not expressed per unit protein. When well evidenced, the (specific) peroxidase activity peak was measured in crude extracts where (poly)phenols apparently modulated the enzyme activity (Druart et al, 1982; Mato et al, 1988; Gaspar et al, 1990; Berthon et al, 1990b) . We have further shown (Aghmir et al, 1991) (Nakano et al, 1980; Fouret et al, 1986; Welander and Snygg, 1987; Gaspar and Hofinger, 1988 . A positive correlation also occurred between the activity of (basic) peroxidases in stem of shoots of apple at the time of transfer to rooting medium and the number of roots formed later (Gus'kov et al, 1988; de Klerk et al, 1990 Benzyladenine used instead of kinetin in the multiplication medium of Asparagus provided a shoot population with a higher peroxidase activity and a higher rooting percentage . Continuous darkness instead of a 16-8 day-night cycle during elongation and root initiative phases of apple shoots favoured successive increase and decrease of peroxidase activity, and resulted in higher percentages of rooted plantlets (Druart et al, 1982) . On the contrary, enhancement of peroxidase activity of globe artichoke shoots was favoured by continuous light, whereas a reduced photoperiod or darkness was necessary to achieve the decrease in peroxidase activity and to obtain rooting (Moncousin and Gaspar, 1983 (Gaspar et al, 1977) . A simple classification between auxin synergists and antagonists thus no longer holds true (Gaspar, 1989 figure 3 allow the following conclusions to be made (Kevers et al, 1990 Kevers and Gaspar, 1992 (Berthon et al, 1992) . The same phenol compounds were also evaluated for their effects on peroxidase specific activity of extracts made from shoots before transferring to rooting media. Some of the compounds increased the specific activity, while other compounds decreased it. There was a strong correlation between the effect of phenolics on rooting and their effect on peroxidase activity (fig 4) . For example, phenolic compounds that increased the peroxidase specific activity of shoot extracts also caused an increase in the rooting percentage when applied during the "induction" (phase corresponding to the elevation of peroxidase activity) phase of rhizogenesis, and vice versa. It has been proposed that this predictive assay might be used to increase the rooting percentage of other difficult to root species.
